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(54) Abstract Title 

Rat Profile Cutting Striscttire For Roller Cone Drm Bits 

(57) A roller cone drill bit 54 includes a bit tK>dy, at least 
one roller cone 50 and a plurality of cutting elements 62 
disposed on the roller cone 50. The cutting elements 62 
are arranged so that at least half tiave crests 61 which lie 
within 10 degrees of perpendiculiar to the bit's axis of 
rotation 56 when they are In engagement with the hole 
bottom 64. The cutting elements 62 are also disposed so 
as to give a substantially flat hole bottom profile. 
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FLAT PROFILE CUTTING STRUCTURE FOR ROLLER CONE DRILL BITS 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The invention relates generally to raller cone driU bits. Particularly, the invention 
provides new flat profile cutting element geometries for roller cone bits. 

2. Background Art 

Roller c^ne drill bits are commonly tised in the oil and gas industry for drilling 
wells. Figure 1 shows one example of a roller cone drill bit used in a conventional 
drilling systmi for drilling a well bore in an earth formation. The drilling system 
includes a drilling rig 10 used to turn a drill string 12 which extends downward into a 
wellbore 14. Connected to the end of the drill string 12 is a roller cone-type drill bit 20. 

As shown in Figure 2, roller cone bits 20 typically comprise a bit body 22 having 
an externally threaded connection at one end 24, and a plurality of roller cones 26 
(usually three as shown) attached at the oth^ end of the bit body 22 and able to rotate 
with respect to the bit body 22. Disposed on each of the cones 26 of the bit 20 are a 
plurality of cutting elements 28 typically arranged in rows about the surface of the cones 
26. The cutting elements 28 can be tungsten carbide inserts, polycrystalline diamond 
inserts, boron nitride inserts, or milled steel teeth. If the cutting elements 28 are milled 
steel teeth, the teeth may be coated with a hardfacing material. 

Prior art roller cone bits generally have cutting elements arranged so that they 
contact a formation in an arcuate cross section or "profile.^ An example of such a prior 
art bit is shown in Figure 3A. Figure 3A shows a cross section through roller cones 30 of 
a drill bit 31. The cross sectional view shows a cutting element profile 36 generated 
when cross sections of all the cones 30 of the bit 31 are rotated into the same plane. In 
Figure 3 A, the roller cones 30 are rotatably attached to legs 32 of the drill bit 31. The 
cutting elements 34 are arranged about the surface of the roller cones 30. The cutting 
elements 34 in contact with the bottom of the drilled hole are finfher illustrated in.Figure 
3B. 
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Figures 3A and 3B show that prior art bits generally have cutting elenaents 40-43 
arranged in an arcuate cutting element profile 36 so that the bit 3 1 drills a wellbore with a 
similarly arcuate^ rounded bottom hole profile (38 in Figure 3B). The cutting element 
profile 36 is defined as a curve or line that connects crests 33 of the cutting elemraits 40- 
43 and that defines the relative shape of the bottom of the hole drilled by the cones 30. 
Hie cutting element profile 36 may be fiirther defined by angular measurements taken at 
points (such as points A, B, and C in Figure 3A) along the profile 36. Points A» B, and C 
are located at midpoints of crests 33, and angular measurements are defined relative to a 
horizontal plane (not shown). In Figure 3 A, point A is located at the midpoint of a gage 
cutting element and point C is located at the midpoint of a centerline cutting element. 
The angular measurements with re^>ect to the horizontal plane at points A» B, and C are 
17.S degrees, 0 degrees, and 14.0 degrees, respectively. 

Figure 3B shows a planar cross sectional view similar to Figure 3A. Figure 3B 
also shows that the cutting elements of prior art bits typically have crests 44 and 45 that 
are disposed at various angles with respect to a bit axis of rotation 46 when the cutting 
elements 40-43 are drilling the formation 39. Therefore, when prior art bits contact the 
fonnation with arcuate profiles and at the angles defined by the crests of the cutting 
elements, the contact between the cutting elements and the formation is generally non- 
uniform. 

BRIEF SUMMARY OF THE INVENTION 

The invention is a drill bit that includes a roller cone and a plurality of cutting 
elements. The roller cone is affixed to a bit body and is arranged circumferentially about 
an axis of rotation of the bit 

One aspect of the invention includes cutting elements that are arranged so that the 
crests of at least half the cutting elements are substantially peipendicular to the bit axis of 
rotation when the cutting elements are in a downwardmost rotary orientation. In one 
onbodiment, the crests are within about 10 degrees of perpendicular to the axis of 
rotation. In another embodiment^ the crests are within about S degrees of perpendicular 
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to Uie axis. In a particular CTibodimmt^ substantially all the crests are within about 10 
degrees of p^endicularity to the bit axis. 

hi another aspect of the mvention, the roller cone and the cutting elements are 
arranged so that the crests on the cutting elCTients define a substantially flat profile. 
Substantially flat mchides profile angles^ with respect to perpmdicnlar to the bit axis, at 
either the gage edge of the bit at the bit CCTtorlme of 1 1 degrees or less. 

OthCT aspects and advantages of the invention will be apparent fiom the foDowing 
description and the appeaaded claims. 

RPIKP nPR CRIPnON OF THE DRAWIKOS 

Figure 1 diows a schematic of a drilling system for drilling a foimation that 
includes a drill string with a roller cone bit. 

Figure 2 shows a po^ective view of a prior art roller cone drill bit 

Figure 3A shows a cross sectional view of the cones of a prior art roller cone bit 
in which cross sections of all of the cones are rotated mto the same plane. 

Figure 3B shows a cross sectional view of a prior art roller cone bit in contact 
with a fomiation in which cross sections of all of the cones are rotated into the same 
plane. 

Figure 4A shows a cross sectional view of an embodiment of the invention in 
which cross sections of all of the cones are rotated into the same plane. 

Figure 4B shows a cross sectional view of an embodiment of the invention in 
contact with a fonnation in which cross sec^ons of all of the cones are rotated into the 
same plane. 

Figure 5A shows a side view of a prior art cutting element drilling a fomiation. 
Figure 5B shows a side view of a cutting elranent of an embodiment of the 
invention drilling a formation. 
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DETAILED DESCRIPTION 

Figure 4A shows a cross section through roller cones 50 of a drill bit 54. The 
cross sectional view shows a cutting element profile 53 generated when cross sections of 
all the cones 50 of the bit 54 are rotated into the same plane. Figure 4A shows cones SO 
rotatably attached to legs 52 of a bit body of a drill bit 54. The roller cones 50 are 
attached to legs 52 by means known in the art^ and the roller cones 50 are rotatable about 
a roller cone axis of rotation 58. The bit 54 is rotated about a bit axis of rotation 56 to 
drill rock. The roller cones 50 have a plurality of cutting elements 62 disposed about the 
circumference of the cones 50. The cutting elements 62 are generally arranged in rows 
60. The rows 60 are typically oriented to form ^'rings'* at selected positions along the 
cone axis of rotation 58^ The cutting elements 62 may be arranged on the roller cones 50 
so that cutting elements 62 on adjacent rows 60 are aligned, staggered, or otherwise 
positioned, and still perform the essential function of the invCTtion. The cutting elements 
62 can be tungsten carbide inserts, polycrystalline diamond inserts, boron nitride inserts^ 
or milled steel teeth. If the cutting elements 62 are milled steel teeth, the teeth may be 
. coated with a hardfacing mat^al. If the cutting elements 62 are tungsten carbide inserts^ 
they may be coated with a superhard material. 

The cutting elements 62 have crests 6L The crests 61 are oriented so that an 
angle A2 defined between a line parallel to the crest 61, and the bit axis of rotation 56 is 
approximately 90 degrees. The near perpendicular relationship between the crests 61 and 
the bit axis 56 brings substantially all of the crest of each of the cutting elements 62 that 
are in their downwardmost rotary orientations into contact with the formation (not 
shown) when drilling a wellborc. A cutting element 62 is at its downwardmost rotary 
orientation when the roller cone 50 is oriented, relative to the roller cone axis 58, so that 
the cutting element 62 is proximate the bottom of the wellbore. In this aspect of the 
invention, at least half of the cutting elements 62 have crests 61 that are substantially 
perpendicular to the bit axis of rotation 56. In a particular embodiment of this a^>ect of 
the invention, substantially all of the cutting elements 62 have crests 61 that are 
substantially perpendicular, to the bit axis of rotation 56. 
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The onbodiment shown in Figure 4A inchides the aests 61 orioited exacdy 
popendicular, that is* zero degrees out of popeodicularity \wth respect to the axis 56. 
This aspect of tiie invention, however, will provide substantially mqiroved performance 
as conqyared to prior art bits where the nests 61 are orioited within about 10 degrees or 
less of peipCTdicular to the axis 56. Having the crests 61 out of popendiculazity by 
within about 10 degrees is therefore widiin the scope of flris invention. More prefoably, 
the crests 61 are oriented wifliin about 5 degrees or less.of papendicDiar to the axis 56. 
Most prefiiably, the crests 61 are oriented as shown in Kgurei 4A being substantiaUy 
peipendicular to the axis 56. 

The cutting elonent 62 anranganrnt diown in Figures 4A and 4B is advantageous 
as conq)ared to a cutting elonent arranganeut sudi as that shown in prior art Figures 3 A 
and 3B. For example. Figure 3B shows tiiat once cutting elonent 42 indoits and scrapes 
the formation, the angular orientation of cutting elements 40, 41, atu) 43 does not place 
ihem in a location proximate the bottom of the wellborn and the cutting elements 40, 41, 
and 43 may not efScienfly drill the formation. This type of cutting action produces a 
rounded bottom hole profile 38 and may subject the axially lowest row (eg:, flie row 
containing cutting eloment 42) to the most wear. Ifaeven wear on the cutting elements 
may lead to reduced bit life and a less than optimal rate of penetration CROF^. 

Figures 5A and 5B show one possible advantage of having crests (88 in Figure 
5B) that are substantially perpendicular to a bit axis of rotation (56 in Figure 4A). Figure 
5A shows a cutting element 70 of a prior art bit (sudh as bit 31 in Figure 3A) that has a 
crest 78. An angle formed between a line 73 parallel to the crest 78 and a line 75 paralld 
to a bit axis of rotation would be substantiaUy less than 90 degrees, as shovm by angle 
A3. The result is that a projected area 76 of cuttmg and scrying of the cutting elonent 
70 is reduced. The projected area 76 may be defined as the portion of the cutting elonent 
70 that is below a line 74 drawn substantially parallel to the bottom hole profile at a 
location proximate the cutting element 70. Another definition is that the projected area 
76 is defined by the depth of penetration of the cutting element 70 into the formation 72. 
When the cutting element 70 of Figure 5A contacts the fomiation 72, the cutting action of 



5 




the cutting element 70 is not optimized and wear will be concentrated on the edge of the 
cutting element 70 that first contacts the fonnation 72. 

Figure 5B shows a cutting element 80 that has a crest 88 that is substantially 
peipendicular to a line 90 drawn parallel to a bit axis of rotation and substantially parallel 
to a line 84 drawn parallel to the bottom hole profile, as is shown by angle A4. The 
perpendicular crest 88 optimizes a projected area 86 of cutting and scraping of the cutting 
element 80 and, therefore, optimizes the cutting and scraping action of a drill bit. The 
distribution of force over the larg^ scraping area 86 enables the cutting elonent 80 to 
produce larger craters in the fonnation 82 and to niore efficiently drill the hole. 

In another a^ect of the invention, and refming again to Figures 4A and 4B, the 
crests 61 of the cutting elemmts 62 define a cutting element profile 53 that is 
substantially flat The cutting element profile 53, as previously described, is defined as a 
curve or line that connects conresponding points on the crests 61 of the cutting elements 
62 and that defines the relative shape of the bottom of the hole drilled by the cones 50. 
Only cutting elements 62 or crests 61 that cut the bottom of the wellbore are included 
when defining the cutting el^nent profile 53. Cutting elements 62 or crests 61 that only 
scrape the walls of a drilled hole are not included in the profile 53. The cutting element 
profile 53 may be fiirther defined by angular measurements taken at points (such as 
points D, E, and F) along the profile 53. Points D, E, and F are located at midpoints of 
crests 61, and angular measurements are defined relative to a horizontal plane (not 
shown). In Figure 4A, point D is located at the midpoint of a gage cutting element and 
point F is located at the midpoint of a centerline cutting element. In an embodiment of 
the invention, the angular measurements with respect to the horizontal plane at points D, 
E, and F are 11.0 degrees, 1.3 degrees, and 10.0 degrees, respectively. In another 
embodiment of the invention, the angular measurements at points D, E, and F are 5.0 
degrees, 0.0 degrees, and 5.0 degrees, respectively. Any smaller angles at points D, E, 
and F, down to and including zero, are accqjtable and are within the scope of the 
invention. The angles at points D and F need not be the same, but need only in one 
embodiment be less than about 10 degrees, and more preferably less than about 5 
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d^rees. Moreover, points E, and F may be located at equivalent positions on the 
respective cutting elemmts and stiU define the cutting element profile S3 within the scope 
of the invention. 

The substantially flat catting elment profile S3 of the invention enables the bit 54 
to drill a hole with a substantially fiat bottom. The substantially flat cutting elem»t 
profile S3 ensures that the cutting elranents 62» when located at their downwardmost 
rotary orientation, have oests 61 that are in substantially uniform contact with the 
I formation. Figure 4B provides another illustration of the optimized contact between the 
cutting elements 62 and the fonnation 64. Vfben contacting the formation 64, the cutting 
elem«ts 62 act substantially in unison to indent and shear the formation 64 and optimize 
the performance of the roller cones SO and the bit (54 in Figure 4A). 

The previously mrationed advantages produce a bit that exhibits relatively &vea 
wear diaraoteristics. By having cutting elements in contact with the fbrmatibn when they 
are at their downwardmost rotary ori»tations, the invention msures that the (Tests of the 
cutting elraients contact the formation in a substantially imifomi manner. The relatively 
even wear may prolong the life of the bit and help to more efficiently drill the formation. 

Those skilled in the ait will qipreciate thai oth^ embodiments of the invaition 
can be devised which do not depart fiom the spirit of the invention as disclosed herein. 
Accordingly, the scope of the invention should be limited only by the attached claims. 
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CXAIMS 

1 . A drill bit comprising: 
a bit body; 

a roller cone afiOxed to the bit body and anranged carcumferentially about an axis 
of rotation of flie bit; and 

a plurality of cutting elements disposed on the roller cone, wherein the cutting 
elements are arranged so that at least half of the cutting elonents have crests that are 
within about 10 degrees of perpoidicular to the axis of rotation when each crest of the at 
least half of the cutting elonoits is in a downwardmost rotaiy orientation. 

2. The bit of claim I » wherein substantially all of the cutting elemmts have chests 
that are perpendicular within about 10 degrees to the axis of rotation when each of ttie 
crests is in a downwardmost rotary orientation. 

3. The bit of claim 1 , wherein the cutting clients comprise milled steel teeth. 

4. The bit of claim 3, wherein the teeth are coated with a hardfacing matmal. 

5. The bit of claim 1, wherein the cutting elements comprise polycrystalline 
diamond inserts. 

6. The bit of claim 1» wherein the cutting elements comprise boron nitride inserts. ^ 

7. The bit of claim I, wherein the cutting elements comprise tungsten carbide 
inserts. 

8. The bit of claim 7, wherein the tungsten caifoide inserts are coated with a 
superhard material. 
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9. The bit of claim 1 , wherein the Gutting elements are arranged in rows located 
ciicumferentially about the roller cone. 

10. The bit of claim 1» wh«nein onests on the catting elements are arranged to define a 
substantially flat profile. 

11.. The bit of claim 10, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane;, the 
curve having CT^ints located at a mid^int of a gage cuttmg elemmt and a midpoint of 
a cent^line cutting clement^ wherein the angle at the gage cutting element is less than 
about 11 degrees. 

12. The bit of claim 10, wherein the substantially flat profile is defined by a curve that 
intersects mi<^oints of the crests at angles measured relative to a horizontal plane^ the 
curve having endpoints located at a midpoint of a gage cutting element and a mic^int of 
a CCTterline cutting element, wh^ein the angle at the coiterline cutting element is less 
than about .10 degrees. 

13. The bit of claim 10, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting elCTient and a midpoint of 
a centerline cutting client, wherein the angle at the gage cutting element is less than 
about S degrees. 

1 4. The bit of claim 1 0, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, flie 
curve having endpoints located at a midpoint of a gage cutting elemrait and a midpoint of 
a CCTterline cutting element, wherein the angle at the cent^line cutting element is less 
than about 5 degrees. 
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15. The bit of claim 10 , wherein the substantially flat profile is defined by a curve 
that intersects nii^[>oints of the crests at angles measured relative to a horizontal plane^ 
tiie curve having endpoints located at a midpoint of a gage cutting element and a 
midpoint of a centerline cutting element^ wherein the angle at the centerline cutting 
element and at the gage cutting elcm&ai is less than about 10 degrees. 

1 6. The bit of claim 10 , wherein the substantially flat profile is defined by a curve 
that intersects mid^ints of the crests at angles measured relative to a horizontal plane» 
the curve having endpoints located at a midpoint of a gage cutting elraient and a 

' inidpointofa centerline cutting elCTioityWhaein the angle at the center 
element and at the gage cutting elranent is less than about S degrees 

17. The bit of claim 1 wherein the at least half of the crests are v^thin about 5 degrees 
of perpendicularity to the bit axis. 

18. The bit of claim 1 wherein the at least half of the chests are substantially 
perpendicular to the bit axis. 

19. The bit of claim 1 wherein substantially all the crests are within about 5 degrees 
of perpendicular to the bit axis. 

20. The bit of claim 1 wherein substantially all the crests are substantially 
perpendicular to the bit axis 

21. A drill bit comprising: 
a bit body; 

a roller cone affixed to the bit body and arranged circumferentially about an axis 
of rotation of the bit; and 

a pliurality of cutting elements disposed on the roller cone. 
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wherrin the mUer ccme and the cuttmg elements are a^nged so that 
cutting elemraits define a substantially flat profile. 

22. Tie bit of claim 21, wherein the substantiaUy flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerhne cutting element, whemn the angle at the gage cutting element is less than 
about 1 1 .0 degrees. 



23. Tb«bitofclaim21.whereinthesubstantiallyflatprofileisdefinedbyacurvethat 
mtersects midpoints of the crests at angles measured relative to a horizontal plane the 
curve having endpoints located at a midpoint of a gage cutting element and a nrid^oint of 
a centerhne cutting element, wherem the angle at the centerline cutting element is less 
than about 10 degrees. 

24- The Wt of claim 21. wherein the substantially flat profile is defined by a curve that 
mtersects midpoints of the crests at angles measured relative to a horizontal plane the 
curve having enc^i„ts located at a midpoint of a gage cutting element and a mid^int of 
a centerlme cutting element, wherein the angle at the gage cutting element is less than 
about S degrees. 



25. n,e bit of claim 21. wherein the substantially flat profile is defined by a curve that 
mtersects midpoints of the crests at angles measured relative to a horizontal plane the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerlme cutting element, wherein Ae angle at the centerline cutting element is less 
than about 5 degrees. 

26. The bit of claim 21 wherein the substantially flat profile is defined by a curve 
that intersects midpoints of the crests at angles measured relative to a horizontal plane 
the curve having endpoints located at a midpoint of a gage cutting element and a 
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midpoint of a centerline cutting element^ wharein the angle at the centerline cutting 
element and at the gage cutting element is less than about 10 degrees. 

27. The bit of claim 21, wherein the substantiaUy flat profile is defined by a curve that 
intersects mid|points of the crests at angles measured relative to a hoiizontal plane^ flie 
curve having oi^ints located at a midpoint of a gage cutting element and a midpoint of 
a centorUne cutting eiemmt^ whman the angle at the cent^Iine cuttmg el^ent and at the 
gage catting element is less than about 5 degrees. 

28. The bit of claim 21, wherein the cutting elements are arranged in rows located 
dzcumferaotially about the roller cone. 

29. The bit of claim 21, wherein the cutting elements comprise milled steel teeth. 

30. The bit of claim 29, wherein the teeth are coated with a hardfacing material. 

31. The bit of claim 21, wherein the cutting elements comprise polycrystalline 
diamond inserts. 

32. The bit of claim 21 , wherein the cutting elCTotents comprise boron nitride inserts. 

33. The bit of claim 21 , wherein the cutting elements comprise tungsten carbide 
inserts. 

34. The bit of cljaim 33, wh^ein the tungsten caibide inserts are coated with a 
superfaard material. 
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35. The bit of claim 21, wherein at least half of the cutting elemoits have crests that 
are within about 10 degrees of perpendicularity to the axis of rotation when each crest of 
the at least half of the cutting elements is in a downwardmost rotary orimtation. 

36. The bit of claim 35 wherein the at least half of the crests are within about 5 
degrees of perpendicularity to the bit axis. 

37. The bit of claim 35 whmin the at least half of the crests are substantially 
peipendicular to the bit axis 

38. The bit of claim 21. whmin substantially all of the cutting elemrats have crests 
that are within about 10 degrees of perpendicularity to tfie axis of rotation when each of 
the crests is in a downwardmost rotary orientation. 

39. The bit of claim 38 whmin substantially all the crests are within about 5 degrees 
of perpcaidicularity to the bit axis. 

40. The bit of claim 38 wherein substantially all the crests are substantially 
perpendicular to the bit axis 

41. A drill bit comprising: 
a bit body; 

a roller cone aiffixed to the bit body and arranged ciicumferentially about an axis 

of rotation of the bit; and 

a plurality of cutting elements disposed on the roller cone, 

wherein the cutting elements are arranged so that at least half of the cutting 

elements have crests that are within about 10 degrees of perpendicularity to die axis of 

rotation whrai each crest of the at least half of the cutting elements is in a downwardmost 

rotary orientation, and 
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wherein the roller cone and the cutting elements are arranged so that the crests on 
the cutting, elements define a substantially flat profile. 

42. The bit of claim 41 , wherein substantially all of the cutting elements have onests 
that are within about 10 degrees of perpendicularity to the axis of rotafion when each of 
the crests is in a downwardmost rotary orientation. 

43. The bit of claim 41, wherein the substantially flat profile is defined by a curve that 
intersects mic^ints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a mi^>oint of a gage cutting element and a mic^int of 
a centerline cutting element, wherein the angle at the gage cutting el«nent is less than 
about 1 1 .0 degrees. 

44. The bit of claim 41, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the centerline cutting element is less 
than about 10 degrees. 

45. The bit of claim 41 , wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a inid]>oint of a gage cutting element and a midpoint of 
a c^terline cutting element, wherein the angle at the gage cutting element is less than 
about 5 degrees. 

46. The bit of claim 41 , wh^ein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
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a centarline cutting element, wherein the angle at the centeifine cutting element is less 
than about 5 degrees. 

47. The bit of claim 41 , wherein the substantially flat profile is defined by a curve 
that intersects midpoints of the crests at angles measured relative to a horizontal plane, 
the curve having endpoints located at a mi^oint of a gage cutting element and a 
midpoint of a centoHne cuttiiig element, wberein the angle at the centerline cutting 
elemmt and at the gage cutting elaneat is less than about 10 degrees. 

48. The bit of claim 41 , wherein the sid)stantiaUy flat profile is.defined by a curve 
that intersects midpoints of the crests at angles measured relative to a horizontal plane, 
the curve having endpoints located at a midpoint of a gage cutting element and a 
midpoint of a centerline cutting element, wherein the angle at the centCTline cutting 
elemrait and at die gage cutting element is less than about 5 degrees. 

49. The bit of clann 41. wherein the cutting elements are arranged in rows located 
circumferentially about flie roller cone. 

50. The bit of clahn 41, wherein the cutting elements comprise milled steel teeth. 

51. the bit of claim 4 1 , wherein the teeth are coated with a hardfacing material. 

52. The bit of claim 41, wh^in the cutting elonents conq>rise polycrystalline 
diamond inserts. 



53. The bit of claim 41, wherein the cutting elements comprise boron nilride 



inserts. 



54. The bit of claim 41 , wherein the cutting elements comprise tungsten carbide 
inserts. 
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55. The bit of claim 41, wheiein the tungsten ciaibide inserts are coated with a 
superhard mat^al. 

56. The bit of claim 41 whorein the at least half of the crests are witiiin about 5 
degrees of perpendicularity to the bit axis. 

57. The bit of claim 41 wherein the at least half of the crests are substantially 
perpendicular to the bit axis. 

58. The bit of claim 41 whoein substantially all the crests are wjAin about 5 degrees 
of perpendicularity to the bit axis. 

59. The bit of claim 41 wherein substantially all the crests are substantially 
perpendicular to the bit axis 



16 




I QfiBce 



AppScadon No: 
Claims searched: 



GB 0113536.7 
1-20, 35-59 



Examiner: 
Date of search: 



INVESTOR IN PEOnJS 



Philip Osman 
8 August 2001 



Patents Act 1!>77 

Search Report under Section 17 

Databases searched: 



UK Patent OfBce collectioiis, including GB» EP» WO & US patrat specifications, in: 
UK a (Ed,S): EIF, (EFA), (FFB). (FFQ. FFD, CFFE), (FFF) (FFG), (FFH) 
Inta(Ed.7): E21B 10/16 

Other: Online: WPI, EPODOC, PAJ 



Documents con^dered to be relevant: 



Categoiy 


Ideotiiy of documaot and relevant passage 


Relevant 

to Clj"""^ 


X 


GB 2,132,662 A 


(Sumitomo) 


1.2,9, 
17-20, 35- 
40 


X 


GB 1,088,860 


(Tsentialnoje Konstruktorskoje Bjuro) 


1,2,9-20 
35-48,56- 
59 


X 


GB 845, 355 


(Reed) 


1.9-20, 
35-37 


X 


GB 807,190 


(Aktiengesellsdiaft) 


1-4, 7-20, 
35-48,56- 
59 


X 


US 5,145.016 


(Estes) 


1 A 9-20 
35-48,56- 
59 


X 


US 4,231,438 


(Gamer & Harris) 


1,9-18, 
35-37 



X Document indicating lack of novelty or inventive step A Document indicatiDg tedmological background and/or stale of the art 

Y Document indicating lack of inventive stqp if combraed P Document publi^ed on or aiUr the declared pziority date Irat 

with one or mofie other docomcnts of same categoiy. filing date of diis invention. 

E Pateant document published on or alter, bat with pxioiiiy dale txAa 

& Member of the same patent fimily than, the filing date of this afiplicatiaD. 



Ad Executive AgeiKcy of the Deparunent of Trade and Industry 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: , 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



